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Introduction

26
Acute malnutrition is one of the leading underlying causes of childhood morbidity and mortality in 27 developing countries and affects 52 million children globally (Lenters et al. 2013 not only in nutritional composition, but also in terms of texture, usage, preparation and ingestion. LNS have 32 a thick texture, and can be eaten directly from the sachet without preparation, while CSB must be prepared 33 as porridge and is often more liquid. These are factors that may affect feeding behaviours. 34
A community-based care approach with CSB or LNS allows the majority of malnourished children to be 35 treated and cared for at home. Consequently, the role of the caretaker and home environment has become 36 ever more important in the treatment of acute malnutrition (Ashworth 2006 , Gaboulaud et al. 2007 ) and 37 child care practices in relation to therapeutic and supplementary feeding must be considered to ensure 38 successful outcomes of nutritional interventions. 39
Feeding behaviours are part of a broad spectrum of child care practices critical for good child nutrition 40 (Engle, Bentley, and Pelto 2000) and include dietary, social and psychological practices (Brown 1997) . 41 Positive feeding behaviours such as responsiveness during feeding have been demonstrated to enhance 42 children's acceptance of food, increase food intake, and improve nutritional status (Ha et The aim of our study was to explore and compare feeding behaviours related to supplementary feeding 50 with CSB and LNS and to identify behaviours that may influence the effect of such foods. Our outcomes on 51 feeding behaviours were based on best practice feeding behaviours defined by and 52 included aspects of how, when and where supplements were fed and who was feeding the child. 53 54
Methods
55
The study was conducted within a randomized controlled trial (www.controlled-trials.com, 56 ISRCTN42569496) investigating the effectiveness of 12 new formulations of CSB and LNS for the treatment 57 of moderate acute malnutrition (MAM). As reported in previous work (Iuel-Brockdorf et al. 2016), the study 58 included both quantitative and qualitative components: questionnaire-based interviews of all trial 59 participants after one month of supplementation as well as individual interviews, focus group discussions 60 (FGD) and home visits (including structured observations) of a subsample of trial participants. The mixed-61 method approach was used to obtain comprehensive and nuanced information on feeding behaviours. 62
Study setting 63
The study took place in the Province du Passoré in the period, women spend much of their day working in the field. The prevalence of MAM and severe acute 71 malnutrition in the area were 9% and 1.4% respectively (Ministère de la Santé, Burkina Faso, Direction de la 72
Nutrition 2013). 73
The study was conducted at five sites (Gomponsom, Latoden, Bagaré, Bokin and Samba), all established at 74 governmental health centres, where locally recruited staff from the non-governmental organization 75
Alliance for International Medical Action (ALIMA, France) carried out all research activities. 76
Participants
77
During a six months recruitment period, children aged 6-23 months, resident in the catchment area were 78 screened and referred to the sites by community health workers or caretakers would bring them 79 spontaneously. At the sites, they were recruited if they were identified with MAM, defined as MUAC ≥115 80 mm and <125 mm and/or WHZ ≥-3 and <-2 based on WHO growth reference ( (WHO | WHO Child Growth 81 Standards, 2006). Only one child per family was included. To prevent mixing or sharing of the supplements, 82 siblings aged 6-23 months with MAM and twins received the same supplement. 83
Design
84
Children were randomised to one of six different CSB or six different LNS according to a blocked 85 randomisation list using http://www.randomization.com, with varying blocks of 12 or 24 and stratified by 86 behaviours, due to the variations in the workload of the caretakers and food availability. Consequently this 118 part of the study was conducted both during the dry and rainy season. 119
Design
120
During the home visits, the subsample of caretakers and their children were observed by a trained female 121 local research assistant during daytime (from 7-8 am to 5-6 pm) for three consecutive days. The 122 observations took place after a minimum of one month of supplementation. The assistant followed a 123 structured observation schedule, with questions pertaining to where, when and how the child was fed. One 124 observation schedule was used per meal, and the assistant ticked of the most dominant feeding behaviors 125 during that meal. 126
Individual interviews to explore how supplements were used within the household were carried out with 127 caretakers during the home visits, while FGDs were carried out at the research sites with a different group of 128 caretakers involved in the main trial but not in home visits. The number of interviews/FGDs was based on 129 the principle of data saturation to ensure that information would be comprehensive and account for deviant 130 cases, to achieve analytical generalization. The interviews and FGDs were carried out in Mooré by two 131 research assistants trained for the purpose by the first author and a phenomenological approach was applied 132 (Kvale 1996) . The interviews and FGDs lasted between 20-45 minutes and were carried out following a semi-133 structured interview guide using mainly open-ended questions. To ensure semantic coherence and relevance 134 to the context, the interview guide was carefully discussed and developed with the research assistants prior 135 to the study. All interviews and FGDs were recorded, transcribed and translated from Mooré to French by 136 the research assistants and from French to English by the first author. The analysis of the data was done by 137 the first author using the English translation. 138
Data analysis
139
For outcomes coming from the questionnaires, related to how, when and where the supplements were fed 140 (frequency and mode of consumption and serving), logistic mixed effect models for pairs of categories were 141 used in order to evaluate and quantify the effect of the supplements, while adjusting for age, sex, and 142 season as well as sites (modelled through random effects). To quantify differences between CSB and LNS, 143 odds ratios and differences in proportions, with corresponding 95% confidence intervals (CI), were 144 estimated. Outcomes on observed feeding behaviours from the smaller sub study made during the home 145 visits were simply summarized as raw proportions which were compared between CSB and LNS using chi-146 square tests. 147
The analysis of the qualitative data was done manually by the first author, using principles of Qualitative 148 Content Analysis (Graneheim and Lundman 2004) . First, each interview and FGD was kept intact and read 149 through several times to search for common themes. From the text, condensed meaning units or portions 150
of the text connected to a central meaning were formed and coded for that specific meaning and classified 151 into categories from where themes emerged. Codes and categories could fit into more than one theme. 152
Finally, findings from each of the interviews/FGDs were compared with the aim of exploring similarities, 153 differences and patterns. This characterizes the direction of qualitative content analysis and rests on the 154 underlying assumption that there are many different ways of analysing reality. Consequently, a certain 155 degree of interpretation is involved in the analysis of data (Graneheim and Lundman, 2004 ). An example of 156 the analytical process can be found in Table 1 . 157
Ethical approval
158
As part of the main trial, this study was approved by the Ethical Committee for Health Research in Burkina 159
Faso (2012-8-059) and consultative approval was obtained from the Danish National Committee on 160
Biomedical Research Ethics (1208204). A separate informed consent form was made for the qualitative part 161 of the study. 162
Results
163
Characteristics of trial participants 164
Out of 1609 children included for the main trial, 1546 children, who had completed one month of 165 supplementation, were included for the final analysis of this study. Out of the 63 children not included, 21 166 children were lost to follow-up, 31 children had developed severe acute malnutrition during the first month 167 of supplementation and were therefore receiving other treatment, while eight children had received 168 replacement supplements (Plumpy Supp) due to a positive salmonella test of the supplement that was 169 allocated to them. Finally, two children died and the caretaker of one child withdrew consent. The mean 170 (SD) age was 13.3 (4.8) months and 94.6% (n=1460) of the children were breastfed at the time of inclusion, 171 while 93.0% (n=1431) were breastfeeding after one month of supplementation. The ethnic origin of the 172 participants was Mossi for 94.0% (n=1452) of participants. The majority, 58.7% (n=907), were Muslim, 173 24.0% (n=371) were Catholic, 6.2 % (n=95) were Protestant, and 11.1% (n=169) had traditional beliefs. 174
Randomization generally resulted in baseline balance between the main diet groups (Table 2) 
Characteristics of participants from the home visits/interviews and FGDs
179
Ten of the children in the home visit and interview subsample received CSB and ten received LNS. Their 180 demographic data and nutritional status were similar to the full cohort, although there was a higher 181 representation of boys (65%, n=13). Also, children receiving CSB were older (mean (SD) 14.3 months (4.3)) 182 than children receiving LNS(mean (SD) 12.3 months (6.3)). Eighteen of the children were living with both 183 mother and father, while one lived with only the mother and one with the grandmother. Eighteen of the 184 children were breastfed, equally divided between the two groups. The mean duration (SD) of 185 supplementation at the time of the home visits were 6.8 (2.7) weeks for children receiving CSB and 6.2 (1.8) 186
weeks for children receiving LNS. The mean duration (SD) of the home visits was 9.4 (0.8) hours and 9.5 187 (0.6) hours for children receiving CSB and LNS respectively and a total of 95 meals were observed (CSB 46, 188 LNS 49). Half of the home visits were conducted during the rainy season (50%, n=30). 
2). 194
Results from questionnaire-based interviews 195 Caretakers reported feeding LNS less frequently than CSB (2.6 (95% CI 2.5-2.7) vs 3.0 (95% CI 2.9-3.0) times 196 per day, p<0.001). Supplements were mainly reported to be served between meals (as a snack) or as a meal 197 (no other foods served at the same time). The mode of serving differed significantly between LNS and CSB 198 (p=0.002): LNS were more likely to be served with a meal or between meals compared to CSB, but less 199 likely to be served as a meal (Table 3) . Both types of supplements were mainly reported to be consumed 200 alone and not mixed into other foods, but LNS were more likely to be mixed into other foods compared to 201 CSB ( Table 3) . 202
Results from structured observations during home visits 203 A total of 95 meals were observed during the home visits of 20 children; 48% (n=46) meals with CSB and 204 52% (n= 49) meals with LNS. The mean (95% CI) duration of the meals was 10.6 minutes (8.3-12.9) for CSB 205 and 10.4 minutes (8.2-12.6) for LNS, excluding time for preparation (of CSB) and hygienic precautions. The 206 observed frequency of feeding was 1.6 times/day (1.2-2.1) for CSB and 1.5 times/day (1.1-1.9) for LNS. 207
Other similarities in feeding behaviours identified during the home visits were that both diet groups were 208 mainly fed by the caretaker and were consumed between meals and served alone, not mixed into other 209 foods. In 13.3% (n=6) of the meals with CSB, flours were served unprepared where the child would eat the 210 flours by hand by themselves, like cookie-crumbles (Table 4) . 211
The main differences were found within the feeding environment, feeding style and utensils used for 212 feeding: more meals with CSB were served while the child was alone, away from other children, compared 213 to meals with LNS (CSB 86%, LNS 67%, difference (95% CI) 19% (2%: 36%), p=0.03). Furthermore, the mean 214 proportion of meals fed using an encouraging feeding style, defined as "feeding with positive verbal 215 encouragement, without verbal and physical coercion" (Gretel H Pelto, Levitt, and Thairu 2003) was higher 216 in the LNS group (CSB 63%, LNS 87%, difference (95% CI) 23% (6%:40%), p=0.01), while the proportion of 217 meals served using a forced feeding style, described as caretakers repeatedly trying to push the food into 218 the mouth of the child if he/she was refusing to eat, was higher in the CSB group (CSB 26%, LNS 8%, 219 difference (95% CI) 18% (3 %:33 %), p=0.02). Finally, more meals with CSB were served using a spoon 220 compared to LNS meals (CSB 91 %, LNS 16%, difference (95% CI) 75% (62%:88%), p= <0.001) ( Some caretakers of children receiving LNS said that the children often preferred eating the supplements by 254 themselves, while others said that they fed their children by hand as it allowed them to better dose the 255 quantity and made the child consider the supplement as food instead of medicine. 256
They are still young, so if I use a spoon, I could put a big quantity in their mouths, which could 257 be difficult for them to swallow. But if I use my hand, I can put the right amount of food in 258
their mouths (27-year old caretaker of 7-months old boy) 259
If I give it to him with a spoon, he will think that it is medicine. He refuses to eat it from the 260 sachet, so I give it to him with my hand (34-year old caretaker of 7-months old boy) 261
Many caretakers of children receiving CSB said that their children preferred eating the flours raw. This way, 262 the child would take or be given a handful of the CSB and snack on the flours like cookie crumbles. 263
Additionally, some caretakers said that they prepared the CSB flours with less water, into what they called 264 "couscous" (high viscosity porridge), if the child was refusing to eat. 265 Some caretakers said that they preferred to feed the child themselves, to ensure that hygienic precautions 279 were respected and to increase consumption. Others reported that they were feeding the child to prevent 280 the other children in the household from taking the supplement. Likewise, this was a reason for feeding the 281 child isolated from the others. 282
If I give it to him as porridge, I have to force the child to drink it, and often I stuff it in him and
We don't want to give it [LNS] 
Discussion
293
The aim of this study was to explore and compare feeding behaviours related to supplementary feeding 294 with CSB and we found that the main differences between the two diet groups were linked to how and 295 when supplements were served. 296
Mode of serving 297
To our knowledge, only one study has previously compared feeding behaviours in supplementary feeding 298 with CSB and LNS, where the main differences found were that CSB were more likely to be served as a meal 299 (Flax et al. 2010) . Similar findings in terms of mode of serving were seen in our study, where LNS were less 300 likely to be served as a meal. 301 LNS were mixed with other foods to enhance the taste of family foods or to stimulate consumption. The 302 latter is consistent with an earlier study where child refusal of supplementary foods encouraged caretakers 303 to add them into family foods (Wang et al. 2013) , and may be more easy with LNS, due to the texture of the 304 supplement. Surprisingly, we found that CSB occasionally were both reported and observed to be 305 consumed un-prepared as many children preferred to snack on the flours. The recommended cooking time 306 of 5-10 minutes for CSB (World Food Program, 2010) is essential to ensure digestibility and nutrient 307 availability and this may be affected if CSB are consumed unprepared. The consequences of this practice 308 should therefore be further explored, understood and addressed. Unfortunately, our study did not capture 309 to what extent CSB was prepared correctly, when mixed with water (e.g the right ratio of blend to water). 310
Who were feeding the supplement 311 We found that caretakers fed the child themselves during the majority of meals of both diet groups, mainly 312 to prevent sharing, to ensure hygienic precautions or to increase consumption. LNS were preferred to be 313 fed by hand as it allowed for caretakers to better dose the quantity and many children also preferred 314 consuming LNS by themselves. Additionally, it was reported that LNS were sometimes placed on the breast 315 of the caretaker to encourage the child to eat. These tactile feeding behaviours support some of the best 316 practice feeding behaviours defined by , where feeding should be adapted to the 317 psychomotor abilities of the child, be carried out with age-and culturally appropriate utensils and ensure a 318 balance between providing assistance and encouraging self-feeding. The thick texture of the LNS may 319 facilitate these feeding behaviours, while this could be more challenging with the more liquid texture of the 320
CSB porridge. 321
How and where supplements were fed 322
Best practice feeding behaviours also include feeding responsively and in an encouraging and sensitive 323 manner and creating a protected and comfortable feeding environment (Engle, Bentley, and Pelto 2000, 324
Pelto, Levitt, and Thairu 2003). Responsive feeding has previously been associated with positively deviant 325 children (Ha et al. 2002, Nti and Lartey 2008) . In our study, we found that an encouraging feeding style was 326 more frequently applied in meals with LNS, while forced feeding was more frequent in meals with CSB, 327 although this behaviour was discouraged. A reason for this difference could be that CSB porridge looks 328 more like a traditional food which caretakers may be used to force-feed whereas with LNS, caretakers can 329 easily remember they are feeding something different and special with special instructions not to use force. 330
The aspect of LNS being perceived as different from other foods was also emphasized by the fact that LNS 331 were often referred to as medicine. This characteristic has been discussed further in previous papers (Iuel-332 Brockdorf et al. 2015, Iuel-Brockdorf et al. 2016). We also found that children were often isolated from 333 other children during feeding of the supplements, regardless of the diet group. Isolation of the child during 334 feeding was mainly done to prevent sharing and thereby contributed to the creation of a protected feeding 335 environment. However, isolating the child from other children during feeding could potentially have a social 336 impact in terms of stigma, as it could exclude the child from being part of the social situation which a meal 337 may represent. The consequences of this could be explored further. Nevertheless, caretakers said that they 338 would feed both diet groups at all times, when asked if there were occasions where they would not feed 339 their children the supplements. This indicates that there was no stigma associated with feeding the 340
supplements. 341
When were supplements consumed 342 We found that supplements were often served early in the morning, because they had high priority in the 343 daily diet of the child and to prevent sharing with other children. Both diet groups were reported to be 344 served prior to breastfeeding or family foods, to ensure that the child still had appetite. Some even said 345 that they were withholding family foods for this reason. This, in addition to the fact that the supplements 346 were frequently observed and reported to be served as a meal, could potentially lead to supplements 347 replacing family foods or breastmilk, thereby decreasing the total daily energy consumption of the child. On 348 the contrary, if supplements are served as a snack, the child may be more likely to consume more family 349 foods/breastmilk. However, previous studies have not found 
Strengths and limitations
359
We believe that the combination of quantitative and qualitative data used for the purpose of this study 360 provides a unique detailed and nuanced picture of feeding behaviours related to supplementary foods in 361 this context. We have not only been able to explore how, when and where supplementary foods are fed 362
and who is feeding the child, but also why feeding behaviours are practiced as they are in this context. 363
We acknowledge that the study had certain limitations: The analysis of qualitative data usually involves 364 some degree of interpretation, while the translation from Mooré to French to English may have involved 365 some loss of meaning. Moreover, no back translation was carried out. However, the translations and 366 interpretations were carefully and continuously discussed with the two research assistants, who were 367 fluent in Mooré and conducted the interviews. Another limitation is that the duration of the home visits 368 were limited to daytime and information on feeding behaviours in the morning and evening hours is 369 therefore lacking. Participants may also have been affected by the presence of the research assistant during 370 the home visits and therefore demonstrating behaviours not reflecting usual practice. To account for this, 371 observations were carried out for three consecutive days, allowing for participants to get used to being 372 observed. The discrepancies between the reported and observed findings could suggest that the 373 behaviours observed were not influenced by the presence of the research assistant, as adherence to 374 recommended feeding behaviours was poorer during observations compared to the feeding behaviours 375
reported. 376
Conclusion
377
Feeding behaviours in relation to supplementary feeding are important to consider in order to ensure the 378 successful outcomes of nutritional interventions. Our results show that the main differences in feeding 379 behaviours between the two diet groups are linked to how and when supplements were served; LNS were 380 more likely to be mixed into other foods and fed using an encouraging feeding style and applying more 381 tactile feeding behaviours. CSB were more likely to be served as a meal and fed using a forced feeding style. 382
We therefore recommend that, when providing CSB in nutritional programs, efforts should be made to 383 promote an encouraging feeding style, Furthermore, emphasis should be made to ensure that CSB is 384 prepared according to recommendations, until the consequences of consuming CSB unprepared has been 385 evaluated. In conclusion, we strongly recommend that educational instructions in nutritional programs are 386 adapted according to the supplement provided to ensure adherence to the treatment. 
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General  The supplement is a treatment to treat malnutrition and should therefore not be shared  For breastfed children, breastfeeding should be continued on demand. Children < 12 months should be breastfed prior to supplementation.  The supplement should not replace local foods but be given in addition to them.
Hygiene
 Wash the child and caretakers hands with soap before preparing foods and eating  Feed the child using clean hands, clean utensils and clean cups  Store the foods in a clean, cool, dry and safe place and keep it covered
Feeding behaviors  Be patient and actively encourage child to eat.  Don't force child to eat.
Health  In case of diarrhoea, continue feeding. Provide extra food and water.
CSB LNS  The porridge should be given 3 times/day  Use clean water for the preparation of the porridge  Four cups of water for one cup of flour. Water can be reduced or increased depending on desired thickness of porridge.  Once water is boiling, add the flour and boil for a minimum of 5 minutes and a maximum of 10 min.  Let the porridge cool of for a few minutes before giving it to the child.  Use a separate plate to feed the child to make sure he or she eats all the food given, and that it is not shared with others  Porridge should be eaten immediately after being prepared. Uneaten porridge must not be saved for later.  The porridge may not be shared with other children or adults  One sachet/child/day -this can be divided in several meals  Before opening the sachet, squeeze the content around and ensure that it is mixed well  Before opening the sachet, wash it with water and soap  The supplement does not require any preparation, but can be given straight from the sachet or on a finger or a spoon  If the child cannot finish the supplement in one take, close the sachet carefully and keep it stored in a clean, dry and cool place. Then try again later.  If the supplement is not eaten by the end of the day, do not save it for the next day  Offer plenty of clean water to drink while eating the supplement  The supplement must not be shared with other children or adults 503 
